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I,ocai farmers and ranchers and staff from several State and Federal agencies ccndertook a nunlber 
of activities in 1995 to simuiianeously mailllain traditioilai agriculiural water uses and iriiprove 
habitat and migration condi!i=ns 5: endangered salxon in the 1,270 square rnile Lernbi Ri-ier 
basin in east-central Idaho. Water users recognized that ilew ground water deveiop~ne~lt in the 
upper part ofthe valley potentially could reduce si~rface water supplies downstrea~i1 during 
critical periods of need for agricultural use and satinon smolt migration. A spreadsheet notebook 
method was developed by the Bureau of Recia11iation to evaluate potentiai impact of wells on 
surface water suppiy. The method integrates an ailalyiical teciu~ique to calculate stream depletion 
by wells (Jenkins, L 968) with a coininercial spreadsl~eet. The spreadsheet notebook method can 
e\ialuate effects of weiis in inore tl~an one Iocation at a time. A grid. o1:ceils on one notebook 
page correspoilds to a map rendition of ilidividual sections wliere tile aquifer is present, and 
pumping rates are input for well locations by township, range, and section. Terns required for 
the analytical technique- aquifer hydraulic conductivity> thickness and specific yield, distance 
between the stream and the well, and the equations that calculate rate and volunle and residual 
rate and voiume of strean depietioa by welis are ~'iocited" in individual spreadsileet pages to 
reduce potential for inadvertent changes. Calculated solutions are surnnlarized in tabuiar form 
and depicted in map folm. The method relieves t l~e  user of any need to solve coinplex 
mathematical computations, and spreadsheet su~~~inar ies  and map renditions eliininate the need to 
colnpile results manually. The application of the method includes a description of the approach 
used to convert specific capacity data from drillers' logs to distributed hydraulic conductivity 
values throughout the valley using a computer program developed from an analysis by Theis 
(1963) and the kriging statistical teclmique. 



The ternhi River basin (ijgure 1 ) is located on the tdalio-Moillai~a border ill east-central Idaho. 
The Le~nhi River drains an area of aboiit 1,270 square miles and ilows noallward about 60 rniies 
into the Salmon River at tlne town of Saiinon. Water kern ilte river and tributary creeks is 
diverted primarily for agricultural purposes. The river and tributary creeks also serve as habitat 
where e~ldangered salmon return from the Pacific Ocean to spawn before they die. Their prov~ny a- 

spend the first several nlonths of life developing in the waters of the Lernlni basin before 
beginning their 2,000-mile trek to the sea. 

Recogsiizing the value of the Lemhi basin to salmoii restoration efforts, iocal farmers and 
ranchers and staff from Water District No. 74, the University of Idaho Research arid Extension 
Service, Idaho Department of Fish and Game, Idaho Depa-tnient of Water Resorrrces (IDWR), 
Bureau of Recla~naticn (P<eclamation), National Resource Conservation Service, Bormeville 
Pov~er Adiliinistration, and U.S. Geological Slxvey (USGS) u~nclertoolc a number of activities in 
I995 that ai~ned sin~uitaneously to r~lair~tain traditionai agriculliiral water uses arid to improve 
conditions for sairnon habitat and migration. As oine of those activities; this study focuses on 
relations between surface water and ground water. Reclamation's pa~ticipation in the study was 
hnded by Congress under the IJpper Salmon River Water Oplin?ization general investigation 
program. 

Until recently, agricultural water use in the basin consisted of diveiting the Lelnhi River and 
some tributaries into a network of canals for irrigating crops and watering stock. Recently, 
ground water has been pumped in the Leadore area to supplement or replace surface-water 
supplies. Downstream water users who depend on diverting streamflow from the river are 
concerned that at some point, ground-water development upstream will reduce available surface 
water supplies downstream during critical periods of need for agricultural use and salmon smolt 
migration. 

11. P O S E  A N D  SCOPE 

This report presents a simplified method that can be used to calculate distributed effects of 
ground-water puinpage in the Lemhi River Valley upstream from Lelnhi on streamflow in the 
river and a number of its tributaries. A description of the geohydrologic setting provides the 
basis for the characteristics required for application of the method. Data used in this report were 
obtained from published reports, drillers' logs on file with the IDWR in Boise, and colnputerized 
databases maintained by the TJSGS in Boise. 





Ground water occurs predominantly ill rri~consolidated sediments of silt, clay, sand, aiid gravel 
associated with river and stream chanr-iels in the basin, in alluvial fans that flank the surroi~nding 
,,~,,,,,l+n..7n ...,,, .,;,,,, and in widely-scattered glacial deposits. Sediments are 1::ost prevalent i:: the valley 

upstream from the townsile of Lemhi (figure 2). Thiclcness of sedinle~lts is unknown, but 
dri1lel.s' logs indicate that tlnickiesses range from a few to about 200 fee! in the valley upstream 
from Lemhi. T l ~ e  width of the valIey 11arrows considerably dow~nstream from Lemhi in tow~iship 
lR N., range 24 E.; and outcrops of consolidated rock in the narrow valley section indicate that 
tlie sediments are pa~-iicular?y silallow at this location. Thinning and constrictiari of tlie 
uncoiisolidated deposits in tlie narrows reduces the area througl~ ii~liich grouiid water can flow; 
subsequently, almost all ground water flow from the valley upstream from the narrows 
discl~arges to the Lemhi Ever.  Therefore, the narrows effectively separates the aquifer into 
independerit upstream (southern) and dovriistrean~ (ilortherli) parts. Consolidated rocks that 
conlpose the mountain ranges that fiai~k the valley and are believed to underlie sediments alo~ig 
stream charinels, may store and transmit enough water for linlited domestic or stock uses; but, 
cocsoiidated roclts generally do not provide a reliable water supply iioughout the basin. Tke 
remainder of this report describes ground-water conditions for the upstream part of the valley 
because ground-water conditions in the dowlistream part function independently of ground-water 
coilditioils in the upstream pa!?. 

W S T m M  DEPLETION 

Several possible approaches were considered to quantify the effects of pumping wells on 
streamflow-- from analytical equations and curve-matchiilg techniques to digital ground-water 
flow models. However, the approach finally selected had to be relatively quick and easy to 
apply, require little technical training, demand no upkeep or maintenance, and provide reasonably 
clear, concise, and accurate results. The approach agreed upon for this study relies on an 
analytical technique (Jenkins, 1968) integrated with a co~n~nercial spreadsheet notebook. The 
analytical technique provided equations to calculate the rate and residual rate (Jenkins, 1968, p. 
16, eqn. 5 )  and volu~ne and residual volu~ne (Jenkins, 1968, p. 17, eqn. 10) of strcan depletion 
by pumping wells. Rates and volumes of stream depletion are calculated for given pumping rates 
and for given pumping periods to represent immediate effects of pumpi~lg on strea~llflow from 
the time punping begins until pumping stops. Residual rates and voluiues of stream depletion 
are calculated for a specified time after pumping stops to represent effects of pumping on 
streamflow that co~ltinue after the well stopped pumping. The spreadsheet notebook provides a 
n~echanis~n to use the analytical teclu~ique to evaluate the effects of more than one well at a time. 
A grid of cells 011 one page in the ilotebook correspo~lds to individual sectioils where the aquifer 
is present. The cells are presented in a map rendition where putllping rates for wells are input on 
a townshio. ranee. and section basis. Also, calculated solutions are summarized in tabular form 

A .  - ,  

and depicted in map form. Integration of the analytical equations into individual spreadsheet 
vaees in the notebook relieves the user from any need to solve complex mathematical 
L - 
computations, and spreadsheet summaries and map renditions eliminate the need to compile 
results manually. 
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Sl?ecific;;tioins for six terns 3r.c ieq~.ii:.cc! for 6ny pxtic~~lnr soi-iitioii oi ine anaiyllcal iq.iial.ions ii; . . .  . - 
the ilotebook: pumping rate; pi~inping timi: time afkr pumpiiig stops, iiansmiss;vity and speclfic 
yield of the aquifer, and distance between tile pumping well and the strea~n. As applied in ihe 
Lemhi Valley, the first thee  terms are specified by the user to obtain any particular solution. 
Flowever, !he last !hree terms were considered to be constants and were assigned permanently in 
separate spreadsheet notebook pages for cells that correspoi~d to individual sections where the 
aquifer is present. Derivations for these last three teilns are described below. 

A. TransmissiviQ and Specific Yield 

A sequential process was used to estimate a traris~ilissivity value ;br each section where the 
aquifer is present. First, drillers? logs were reviewed to select tliose that contained pump test data 
that included pumping rate, water-level drawdown in the well due to pumping, well diameter, 
and pump lest lenglil (Table I) .  A coinputer prograin (Table 2) was witten to iteratively solve 

equation (Theis, et.al, 1963, p. 332, eqn. I )  that is used to estknate a transmissivity value fiam 
pump test data reported 0x1 drillers' Iogs. IJY'ell diameter was used for well. radius in the equation. 
assuming :hat the driliing process disturbed aquifer material beyond the well a~uluius and 
effectively increased tral-~smissivity beyond the drill hole. For the few wells wriihout a reported 
well, diaineter, a diameter of R inclies was used, which is a common dian~eter for domestic wells 
in the area. A pui~lpiilg time of 1 hour was used for wells where no pumping time was reported. 
A specific yield of 0.12 was used. No field values for specific yield were available for this area, 
but the chosen value falls within the range of .04 to .28 reported for alluvial sediments of silt, 
sand, and gravel (Johnson, A.I., 1967, p. 68). The translnissivity value obtained from the 
equation represented a value for the length of the well open to the aquifer during pumping and 
not necessarily the entire aquifer thielaess. Therefore, transmissivity values were nom~alized by 
dividing by the saturated length of opening for each tested well to obtain hydraulic conductivity 
for the well. 

A l~ydraulie conductivity value was estimated at each section where the aquifer is present with 
the kriging statistical technique using hydraulic conductivity data for wells developed from the 
procedure described above. GEO-EAS (Englund and Sparks, 199 1) was used to develop an 
exponential folm of the model semi-variogram from natural log-transfonlled hydraulic 
conductivity data with a nugget of 0.0, range of 2,900 meters, and contribution (sill) of 3.3. Then, 
the semi-variogram developed with GEO-EAS was used in GMS (Engineering Computer 
graphics Laboratory, Brighan Young University, 1996) to estimate a hydraulic conductivity 
value for each section where the aquifer is present (figure 3). The grid specified in GMS 
approximated section locations with 33 rows and 37 columns. GMS grid specifications included 
an x origin of 754,595 meters, y origin of 4,923,525 meters, a total length of 59,546.45 meters, 
and height of 53,109 meters. The grid was rotated 2.5 degrees in GMS to correspond with well 
locations and other geographic features which had been projected into UTM zone 11. 



Table%. "Wall Data 
[Data obtained fi-om drillers' logs oil ijie with Idaho Depaitiiseiit of Water Resources, Boise, Idal~o. Data frain field 
checked wells obtained fro111 Ground Water Site Inveiito~y database il~aintaiiled by the U.S. Geological Survey, 
Boise Idaho. Saturated length of opening is tile leiigth of the weil screen or (open) hole open to the aquifer or the 
difference between the purliping water level and the bottoin of the opening, whichever was less. The matlle~llatical 
product of estimated liydsaulic conductivity values times sahzrated length of opening values does not necessarily 
equal estkuated tta~~smissivity values because of roundhg to w11ole iil~inbers.] 





Table 2. FORTRAN Listing of Program to Calculate Transllioissivity 
fmm Specific Capacity Data. 

calculates Theis estimate of T from specific capacity test data per USGS WSP 1535-1 

inputs: 
siteid, arbitrary site identifier 
specific capacity (sc), in galloi~s per iiliilute per foot of drawdown 
well diameter (diam), in inches 
pump test leiigth (lrs), in iiours 

outpuis 
siteid 
transmissivity estimate (tl), in feel squared per day 

assui~~ptions: 
specific yield = 0.12 
well diameter = effective radius of the well 

character*l 5 siteid 
open (7,file='sc data') 
open (8,file='i-est.data') 
to= 1000. 
read (7,10,end=999) siteid, sc, diain, hrs 
fonnat (a15,f9.0,2f8.0) 
if (diarn.eq.0.) dia~n= 8. 
if (hrs.eq.O.) hrs= 1. 
efrad= diamIl2. 
days= hrsl24. 
t l =  15.32*sc*(-.577-alog(efrad**2*.121(4*tO*days))) 
diff- abs(t 140) 
if (diff,It.lO.) then 
write (8,20) siteid, t l  
format (a15,f10.0) 
go to 5 
else if (tl.gt.tO) then 
tO= to + diffi2. 
else 
tO= to - difW2. 

end if 
go to 15 
stop 
end 
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B. Distance Between Pumping Wells and Streams 

The original analytical technique called for the perpendicular distance between two points, the 
pumping well and the stream, and uniform transmissivity between those points as two inputs 
required for solution. Because the spreadsheet notebook method developed for the Lemhi Valley 
can solve for the cunlulative impacts between many paired points simultaneously and variable 
tra~sn~issivity values for the aquifer are represented, the perpendicular distance may not always 
be the actual distance that ground water moves between the stream and the section where the 
well is located. Therefore, flowliile distance in conjunctioll with adjusted hydraulic conductivity, 
as described below, was considered to better represent field conditio~ls in the spreadsheet 
notebook application. Before flowline distances were determined, sections where the aquifer is 
present were subdivided into 6 subbasins (figure 4) because stream depletion from ground-water 
pumping was likely to affect streamflow in iributa~y streams before affecting streamflow in the 
Le~llhi River. The map of the water table (figure 4) was used as a basis to sketch the 
approximate location of flow lines in the subbasins. Flowlines depict the lateral movement of 
ground water and are drawn perpendicular to water-table contours. Then, the approximate 
average distance between a point in the section and the major stream in the subbasin along a flow 
line was estimated for each section (figure 5). 





The original ailalyticai teclmique also calied for the average trailsinissivity between the well a id  
the strean. Calculating average transinissivity values by first adjusting coa~ecied hydraulic 
co~lductivity vaiues to reflect average hydraulic conductivity along flowli~les was considered but 
rejected. Streain depletion potei~tialiy could be overestiinatcd using average hydraulic 
conductivity between ilze stream and the section wit11 puinping wells because the lowest resultant 
transrnissivity value in a section aloiig a flow line slioiild limit the analyiical compulatio;; of 
stream depletions. Thereibre, tile corrected hydraulic conductivity values were adjusted so that 
the lowest iiydraulic co~lductivity vali~e oil a flow iine was specified for sectioils up i~ydraulic 
gradient on the flow line (figure 6). 
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V. USING TEE SPWADSNEET NOTEBOOK 

The spreadsheet notebook coiltains 12 pages (Table 3). The Summary and Wells pages are the 
only pages that require user input. The Sumnary page (figure 7) contains two cells where the 
user must specify both the nuinber of days of pumping and the number of days after pumping 
stopped. These are the only cells that can be changed by the user. All other cells on the page are 
loclced to prevent inadvertent corruption of the summaq equations or page layout. 

This page also presents a su~nmary of well pumpage, stream depletioil rate and volume, residual 
stream depletion rate and volume, and total stream depletion volume. The Suinlnary page 
example (figure 7) shows the results for specifications inade on the Wells page example 
(figure 8). 
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Figure 7.-- Summary notebook page. Example results for Lemhi River and 
Hawley and Canyon Creeks relate to example well pumpage shown on figure 8. 

Well pumpage in gaI1011s per minute for each section where one or more well is located is 
specified by the user on the Wells page (figure 8). This page also shows the sections that belong 
in each subbasin and provides township and range labels along the upper and left margins, 
respectively. Cell and label sizes were developed so that the entire valley could be displayed on 
a 17-inch monitor configured for a screen resolution of 1024 x 768 pixels with a magnification of 
40 percent. However, township and range labels are not easily readable at this magnification. 
The user is eilcouraged to experiment to obtain a comfortable magnificatioil level. For example, 
for monitor characteristics described above, 75 percent magnification shows more than 12 
townships and clearly displays township and range labels. 



Figure 8.- Well pumpage notebook page. Example shows 1,000 gallons per 
minute entered for sections in the Lemhi River and Canyon Creek subbasins 
and 500 gallons per minute entered for a section in the Hawley Creek subbasin 

The remaining notebook pages either hold input data, make calculations in response to user input 
specifications, or display map renditions of results. These pages also are locked to prevent 
inadvertent changes. Data and formulas in locked fields represent the analysis done for this study 
and should not be changed without a valid technical reason. If inadvertent changes are made to 
locked fields, the spreadsheet noteboolc can be reloaded from the original diskettes. 
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Seven as~ur>ipii~ris nere sgeciiiecl in i l ~ e  report on the origii~ai aiiaiytica? technique ( .ICIJ~~IIS.  
1968. p. 2) and bear repeating here: 

I .  T[ti-ansinissivity] does not change witli time. Thus for a waier-table aquifer, dlawdotvn is 
co~isidered to be i~egligible when coinpared to the saturated tliiclness. 
2. 'Tlie te~nperature of the strear11 is assuiiled to be constant and to be the same as the tempel-ature 
of the water ill the aquifer. 
3. The aquifer is isotropic, Iiomogei~eous, and semi-infinite in areal extent. 
4. The stream fonils a bounda~y that is straight and filly penetrates tlie aquifer. 
5 .  Water is released instanra~~eously from storage. 
6. The well is open to the full saturated thickiiess of the aquifer. 
7. The puinpi~ig rate is steady during any period of punping. 
Field conditioiis never fully meet the idealized coiiditioiis described by ;lie above assumptioils. 

An excellent explanation of the effects on streain depletion by pumping wells when these 
assur~lptions are not fully met foliows the list of assninptions in the original publication. Jenkins 
(1 968) sumil~arizes these effects by stating that "[djeparture froill idealized conditions inay cause 
actual stream depletions to be either greater or less than the values determined by methods 
presented in this repoi?. Although tlie user usually cannot determine the ~nagilitude of these 
discrepancies, he sl-iould, where possible, be aware of the direction the discrepancies take." 

Assuinptions 3 and 4 were addressed in a subsequent paper that coinpared the analytical solution 
for stream depletion by wells to siinulated results from a nuinerical ground-water flow model in 
part of the 174,000-square-mile High Plains Regional Aquifer Systeln in Kansas (Sophocleous, 
et.al., 1995). The authors reported that results &om the ilumerical l~lodel indicated that altllough 
less streain depletion by wells was silnulated in a pai-tially-penetrating stream, greater inflow 
across the model boundary was simulated. A factor to correct the analytical technique for partial 
stream penetration for this case was presented. This correction was considered for this study, but 
rejected. A correction to the analytical method is appropriate as described by Sophocleous and 
others when representing a small study area within a large aquifer system when there is 
substantial ground water in storage outside of the small study area that actually can be induced to 
cross the study boundary in response to ground-water pumpage. However, the aquifer in the 
Lemhi Valley is much smaller in areal extent, and inflow across the aquifer bounday camlot 
increase in response to well pulnpage because there is no significant aquifer opposite this 
boundary. Streamflow and ground-water storage within aquifer boundary in the study area are 
the only sources of water to wells in the Lelxhi Valley. Therefore, applying the correction factor 
in this case was considered inappropriate. 
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we,, ",. ,' 11n~~i~eraice are not consiclei-e$ in tl~is ii~i-!hod. Total, well pumpage is aggregated witliiii 
each section. Sigiiiiicar~t puinping in adjacent seciioils could resriit iii steeper water-table 
gradieilts bet\veeil aggregated sectioiis aud the stream and, thereby, resrrlt in greater stremi 
depletion than calculated with this r-iieihod. Alsoj significant well pumpage more than a few 
miles froin streams results in little or no stream depletion with this method. We11 developlnent 
along Yearian; Reese, Peterson, Little Eiglztinile, Rig Eightnlile, or Mill Creeks could deplete 
these interinittent streallis a id  reduce flow in the Leinhi River during some parts of the year. 
However, the spreadsheet notebook method cannot represent interillittent streams without close 
attention to spreadsheet inputs aild outputs. Soinetimes extremely small negative resuits are 
calculated. This condition is associated with the previous condition and indicates a limitation of 
the analytical method. Finally, stream depletioils are assunled to be additive. Stream depletion in 
subbasins reduces total streainflow that otherwise would have flowed into the Leinhi River and 
passed through the narrows to the northern part of the basin. 

VIE. CONCLUSIONS 

The spreadsheet notebook provides an easy lo use iiiethod to calculate stream depletion by 
pumping wells distributed tl~ougbout the Lelnlzi valley upstrean lrom the Lelnhi townsite. 
Values obtained from ihe rnethod can be used to identi@ how location, pumping rate, and 
puinping duration affect streanlflow in the Lendli River and several of its tributaries. This 
approach also can be used in an inverse mode by specifying a negative punlping rate to evaluate 
effects of recharge on streamflow. In this case, negative stream depletions represent increased 
flow rates and volun~es. Values obtained from this method can be used to adjust streamflow 
measured at the Leinhi gauging station to evaluate downstream effects. 

The method is highly dependent on the depiction of the distribution of transmissivity throughout 
the aquifer. However, actual transmissivity data in the basin does not exist. Transmissivity was 
estimated from specific capacity data from wells that are not distributed over the entire extent of 
the aquifer and then was corrected in order of magnitude to transmissivity in a neighboring 
valley. Transinissivity estimates could be improved by conducting several aquifer tests. 

The method works reasonably well for sections located within a few miles from major strean1 
channels. Adding more subbasins to represent perennial streanls in areas more than a few iniles 
froin a major streanl may improve representation of streail1 depletions. 




